Background Many smokers report smoking because it helps them modulate their negative affect (NA). The stress induction model of smoking suggests, however, that smoking causes stress and concomitant NA. Empirical support for the stress induction model has primarily derived from retrospective reports and experimental manipulations with non-representative samples of smokers. Moreover, prior studies have typically not considered contextual factors (e.g., daily stressors) that may impact the smoking-NA relationship. Purpose The aim of this study was to assess the stress induction model of smoking using a prospective design in a nationally representative sample of smokers while simultaneously examining the impact of daily stressors on the relationship between smoking and NA. We hypothesized that smoking and NA would be positively related, and this relationship would be intensified by exposure to daily stressors. Methods A national sample of middle-aged smokers (N=256) were called on eight consecutive evenings to assess stressor exposure and intensity. Participants also reported on their daily NA and indicated the number of cigarettes they smoked. Analyses were conducted using hierarchical linear modeling to determine the relationship between daily smoking, NA, and stress. Results Smoking more than usual was associated with increased NA on days when respondents were exposed to any stressors. Smoking more than usual had no effect on NA on days when no stressors were encountered. Moreover, the moderating effect of stressor exposure remained significant even after controlling for the number and intensity of daily stressors reported. Conclusions While smokers report that smoking alleviates their NA, our study suggests that the exact opposite may occur, particularly on stressful days. When smokers smoke more than usual on days when the encounter stress, they are likely to feel emotionally worse off.
findings are consistent with the stress-coping [13] and selfmedication [14] models of substance abuse which suggest that drugs are used to maintain emotional equilibrium. However, while smokers believe that smoking helps alleviate NA, some theory and research suggests otherwise.
Parrott and colleagues [15] [16] [17] [18] [19] have posited the stress induction model of smoking, which suggests that smokers experience acute nicotine deprivation during the period between one cigarette and the next. Nicotine deprivation results in abstinence symptoms including negative affective states (e.g., anxiety, tension, anger). As abstinence symptoms and NA increase, smoking is once again initiated. The initiation of smoking replenishes nicotine levels, thus, reversing and alleviating the NA associated with the deprivation [16] . Smokers repeat this deprivation-reversal cycle throughout the day, thereby experiencing emotional downs followed by return to affective baseline [20] .
The stress induction model has been used to explain paradoxical aspects of the smoking-NA relationship. For example, while smokers report that smoking relaxes them, they also report higher rates of stress than nonsmokers. Parrott has shown, for example, that when smokers provide self ratings of NA before and after each cigarette, they demonstrate repetitive mood fluctuations over the course of the day. Specifically, he found that smokers experienced greater than average NA in between cigarettes with a brief declination after smoke inhalation [21] . Moreover, comparisons with nonsmokers indicated that smokers did not gain a mood advantage from smoking but instead experienced repeated abstinence symptoms. Therefore, smokers report both NA and relief from NA as they smoke. The model also proves useful, although not conclusive, in understanding why stress levels decline after smokers quit. Specifically, Parrott has suggested that with complete and prolonged abstinence, smokers no longer experience the distressing cycle of withdrawal, NA, and reversal [20] .
On the other hand, research on the stress induction model has yielded inconsistent results and been criticized on several fronts [22] [23] [24] . Most germane to this study is the fact that the model uses the stress and NA constructs interchangeably [24] when, in fact, they are quite different [25] . This lack of differentiation is surprising given Parrott's [26] own recognition that "abstinence symptoms and post-cigarette relief are closely related to the environmental circumstances" (p. 1159). Second, a number of studies have found that smoking occurs in the absence of withdrawal [27, 28] and can be motivated by low arousal states such as boredom [29, 30] . Third, while Parrot and other researchers suggest that smoking and NA are related to acute nicotine withdrawal and reversal [31] [32] [33] , it is important to note that nicotine regulation only controls smoking within broad bounds, allowing for other environmental or contextual factors to influence smoking [30, 34, 35] . Unfortunately, environmental factors such as exposure to stressors have not been adequately studied within the context of the stress induction model.
Stressors in Smoking Research
In the smoking literature, there is great variability in how stressors are conceptualized and measured (e.g., exposure to an aversive stimuli, engagement in a stressful task such as public speaking, endorsement of negative major life events). However, such definitions ignore the minor yet more frequently occurring stressors of life [36] . Therefore, we operationalize stressors as the routine challenges of dayto-day living, such as the everyday concerns of work, caring for other people, commuting between work and home, and other more unexpected small occurrences that disrupt daily life [37] . Exposure to these kinds of everyday commonplace events, or "quotidian" stressors [38] are strong predictors of psychological well being [36, [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] .
To understand how one is affected by these everyday stressors, both objective characteristics of the stressor (e.g., frequency) and the individuals' subjective appraisal of the stressor (i.e., perceived stress) must be examined. Perceived stress refers to the meaning that individuals give to daily stressor occurrences in terms of how bothersome and disruptive they are [37] . Both objective and subjective components of daily stressors affect daily well-being [49] ; thus, both should be measured in stress studies.
The distinction between frequency of stressor exposure and perceived stress is important because some theories of stress suggest that mere exposure to stressor events (e.g., daily hassles) requires the organism to adapt and change, which ultimately leads to disequilibrium [50, 51] . On the other hand, some theorists suggest that how stressors are perceived and subjectively evaluated determines whether an event will be experienced as stressful [25, 52] . Both the stressor frequency and perceived stress notions have received empirical support. Therefore, in this study, we examine stressors from both perspectives.
Smoking, Stressors, and NA While the stress induction model suggests that acute nicotine withdrawal causes NA, the evidence is quite mixed regarding this assertion. In a number of cross-sectional studies, smoking is positively related to various manifestations of NA, most typically depression and anxiety [53] . On the other hand, longitudinal studies have produced inconsistent results [3] . Laboratory studies have also yielded inconsistent results. For example, some studies have manipulated affective states (e.g., induced NA) and then observed specific smoking behaviors such as rate, puff duration, and number of puffs [54] [55] [56] . These studies, however, have typically not found an association between smoking and NA, and when found, they tend to be ephemeral [57] or occur inconsistently [58] [59] [60] [61] . We hypothesize that one of the reasons for the variable findings from experimental work is that it fails to account for the kinds of "real world" stressors (e.g., problems at work, disagreements with one's spouse, role overload) that smokers frequently mention as central to their smoking behavior [8] . In other words, smoking and NA may largely be related within the context of these daily stressors. Indeed, one study found that smoking lapses were associated with NA, and this relationship was moderated by environmental stressors which accounted for variance in relapses above and beyond that accounted for by NA alone [62] .
Because the stress induction model has not clearly delineated between stressors and NA, it is important to examine the impact of stressors on the relationship between smoking and NA. First, a number of studies have found a positive relationship between various stressors and smoking in adults [63] [64] [65] . For example, work demands [66] [67] [68] , social stressors [69] [70] [71] , and more generalized stressors [63] are associated with increases in self-reported smoking. On a population level, smokers exposed to more stressors tend to smoke more [72] . Experimental studies have further demonstrated that stressors increase smoking behaviors such as puff rate, volume of smoke inhaled [70, [73] [74] [75] , nicotine intake [32] , and desire to smoke [74] . Not surprisingly, daily stressors are also a reliable positive predictor of NA [36, [76] [77] [78] [79] . Because exposure to stressors is related to both smoking and NA, such exposure may be an important moderator of the smoking-NA relationship. Such a notion needs to be more precisely considered within the stress induction model. Unfortunately, only a few studies have modeled the relationship between smoking, stressor exposure, and NA simultaneously [54, 56] , and we could not locate one published prospective study examining these relationships using a nationally representative sample. The studies conducted to date have found that the relationship between smoking and NA remains unchanged in the face of stressors. These studies, however, have several limitations [3, 23, 80] . Most studies have used laboratory tasks which expose participants to a specific contrived stressor (e.g., exposure to an unexpected noise, engagement in a challenging task). Laboratory tasks such as these may lack ecological validity because they do not capture the impact of real world stressors that often occur on a daily basis. Studies to date have also typically been cross-sectional in design, thus, allowing for only between-subject comparisons.
We propose that real world stressors are more likely than laboratory stressors to positively moderate the relationship between smoking and NA. There are three reasons for this. First, nicotine appears to increase sympathetic responsiveness to stressors, including increased cortisol, blood pressure, and heart rate [32, [81] [82] [83] [84] . Furthermore, exposure to stressors in the absence of nicotine also increases sympathetic arousal. Therefore, stressor exposure may have an additive effect on sympathetic arousal. Indicators of sympathetic arousal (e.g., increased blood pressure and heart rate, heightened vigilance, feelings of tension) are often experienced as distressing and are, themselves, associated with NA [85] [86] [87] [88] . Second, as daily real world stressors accumulate, the utility and effectiveness of cigarette smoking as a means of "escaping" from stressful cognitions may decrease. Indeed, several studies have shown that smoking narrows the smoker's attention to external stressors and, therefore, can act as an anxiolytic agent [60, 61] . However, this effect has been demonstrated only in laboratory tasks. Third, Parrott describes that the nicotine depletion-replenishment cycle that smokers experience throughout the day is, in itself, stressful [15, 16, 19, 26] . Because individuals possess finite internal and external resources to effectively manage their stressors, exposure to additional stressors during the day serves to further challenge the individual's resources [25, 52] . Thus, cycling smokers exposed to additional stressors may be more likely to tax their resources and experience emotional upset.
Taken as a whole, these findings suggest that exposure to daily stressors may exacerbate any preexisting relationship between smoking and NA. Therefore, we contend that in the face of daily stressors or perceived stress, smoking may result in smokers feeling emotionally worse off.
The Current Study
To more fully explicate the smoking-NA relationship, a number of theorists and researchers have indicated that ecologically valid prospective studies with representative samples and well-validated measures are critically needed [3, 89] . The current study will be the first to examine the relationship between smoking, stressor exposure, and NA using a national sample of adults using well-validated measures. Moreover, this is the first daily diary study to test the hypothesis that stressors positively moderate the relationship between smoking and NA. The prospective design, nationally representative sample, and measurement of objective and subjective daily stressors address a number of the weaknesses in the extant literature.
Methods

Participants
This study is a secondary data analysis from the National Study of Daily Experiences (NSDE) [36] . We received IRB approval from The Pennsylvania State University prior to conducting this study. Respondents were 1,031 adults (562 women, 469 men), all who had previously participated in the National Survey of Midlife Development in the United States, a national representative telephone-mail survey of 3,032 people, aged 25-74 years. Respondents in the NSDE were randomly selected from the Midlife in the United States (MIDUS) survey and received $20 for their participation. Of the 1,242 MIDUS respondents that were contacted, 1,031 agreed to participate, yielding a response rate of 83%. Of most relevance to this proposal are the 256 respondents who reported being smokers (female=131, male=125). Demographic information is provided in Table 1 .
Measures
Daily negative affect was measured using the six-item Negative Affect Scale of the Nonspecific Psychological Distress Scale [90] which was designed specifically for the MIDUS. The scale was developed from the following wellknown and valid instruments: the Affect Balance Scale [91] , the University of Michigan's Composite International Diagnostic Interview [92] , the Manifest Anxiety Scale [93] , and the Centers for Epidemiological Studies Depression Scale [94] . The scale was developed using item response models and factor analysis, yielding a single factor structure representing current general psychological distress. The measure was validated in eight administrations using samples from different populations and has demonstrated good reliability and validity in prior research [90] . Respondents were asked how much of the time today did they feel: worthless; hopeless; nervous; restless or fidgety; that everything was an effort; and so sad that nothing could cheer you up. Respondents rated their response on a 5-point scale from none of the time to all of the time. It is important to note, that measuring negative affect in terms of frequency is in keeping with theory and research that NA is better characterized by its duration than its intensity [95, 96] . Scores across the six items were summed for each day and the scale was internally consistent (α=.89).
Daily Stressor Occurrence
Daily stressor occurrence was assessed through the semistructured Daily Inventory of Stressful Experiences (DISE) [36] . The DISE consists of a series of stem questions asking whether specific types of daily stressors had occurred in the past 24 h and a set of interviewer guidelines for probing affirmative responses. Participants were asked about the occurrence of seven specific stressors: an argument or disagreement with someone; a time where you engaged in a disagreement but decided to let it pass; something happened at work that most people would consider stressful; something happened at home that most people would consider stressful; an experience of discrimination; something happened to a close friend that was upsetting to you; or anything else not previously mentioned. Notably, these events do not represent major life events but instead the minor annoyances of daily life. These seven broad stressor domains were those most frequently mentioned in a pilot study of 1,006 adults [36] .
In order to examine these narratives, interviews were tape recorded and transcribed. For each stressor described, trained graduate and advanced undergraduate expert coders rated (a) content classification, (b) focus of who was involved in the event, (c) dimensions of threat, and (d) severity of stress [36] . Inter-rater reliability across the DISE codes ranges from 71% to 95% [97] . In addition, respondents provided subjective assessment of (e) degree of severity and (f) appraisal of areas of life at risk because of the stressor.
The interview-based approach allows one to distinguish between the occurrence of a stressor (e.g., conflict with spouse) and the affective response to the stressor (e.g., crying or feeling sad). Another benefit of this approach is its ability to identify overlapping reports of stressors [98] . In the present study, approximately 5% of the reported stressors were discarded because they were either solely affective responses or they were identical to stressors that were previously described on that day.
The validity of the DISE has been demonstrated in a number of studies. For example, various aspects of daily stressors measured by the DISE are significantly associated with negative mood and physical health symptoms [36] , two commonly used outcomes in research on the relationship between daily stressors and health. Stressor level as measured by the DISE is associated with declination in memory function [99] , increased family tension [100, 101] , and decreased marital satisfaction [102] . Socioeconomic status is negatively associated with stressor level as measured by the DISE [43, 103] . The DISE is also sensitive to stressor effects based on age [104] [105] [106] [107] and genetic endowment [108] . The validity of the DISE should not be surprising since personal interviews regarding stress improve the assessment of perceived stress (real stories are elicited), provide more precise classification of stressor content, and provide more valid differentiation between severity and stressor appraisal [109] .
Stressor Day
For each daily interview, individuals who responded affirmatively to any of the stem questions received a value of 1 on an indicator variable of any stress and were coded 0 otherwise. Respondents' narrative responses to investigator probes provided objective information on the content of the stressful experiences as well as the meaning of the stressor for the respondent.
Perceived Stress
Perceived stress was measured by asking respondents, "How stressful was this [particular stressor] for you-very, somewhat, not very, or not at all?" The average score across all reported stressors throughout the 8-day interview was used in the analyses.
Stressor Frequency
Respondents completed interviews each evening of the 8-day protocol. Because people varied in the number of days they participated in the study, total number of stressors across the 8 days was divided by the number of recorded days. Thus, the total score represented an average stressor frequency across all participant days (e.g., a score of 3 stressors across 8 days yielded a score of .375). At the end of the study, individuals were asked how typical were the number of stressors they had experienced throughout the week. The majority (62%) rated the week as typical to their usual experience, with the remaining respondents equally distributed between more frequent and less frequent than usual.
Smoking behavior was assessed by asking "How many cigarettes did you smoke today?" On average, participants reported smoking 17.3 cigarettes per day. The number of cigarettes smoked in this sample is comparable to smoking rates for adults reported by the Substance Abuse and Mental Health Services Administration, which recently reported that, on average, adult smokers report smoking 15 cigarettes per day [110] . The between person standard deviation was 11.44, while the within person standard deviation was 4.43, indicating that there were far more individual differences in cigarette consumption across individuals than for any given individual across the eight study days.
Procedures
Over the course of eight consecutive evenings, respondents completed short telephone interviews about their daily experiences. Data collection spanned an entire year (March 1996 to April 1997) and consisted of separate "flights" of interviews, with each flight representing the 8-day sequence of interviews from each of the participants. Participants completed an average of seven of the eight interviews.
Data Analytic Plan
To examine the relationship between stress, smoking, and NA within individuals over time, we used hierarchical linear modeling [111] . The simple form of hierchical linear modeling (HLM) can be conceived as two separate models, one a within-person model (Level 1) and the other a between-person model (Level 2). A distinctive feature of HLM is that the intercepts and slopes are allowed to vary across persons, allowing estimates of individual differences in within-person effects. To examine the temporal links among stress, smoking, and NA, we fit a within-person model essentially equivalent to 256 (the number of smokers in the sample) regressions assessing daily covariation among each of these variables.
The daily covariation among the three variables of interest with NA as the dependent variable and both stress and smoking as the predictors can be expressed as:
where, NA for person j on day i, is a function of their average level of NA (b 00 ), whether they experience a stressor (b 10 ), the number of cigarettes consumed (b 20 ), and a residual (e ij ). β 00 , β 10 , and β 20 are the average withinperson intercept, stressors, and smoking effects (i.e., fixed effects), while U 0j , U 1j , and U 2j are the random effects, and reflect person-specific deviations from the average values. Stressors and smoking were both person-centered to reflect deviations from each individual's average levels of stressors and smoking. Thus, the values of these variables are constant across individuals with a mean of 0, and reflect only within-person variability. The person-specific means, or between-person effects, were also included in all models.
Results
Bivariate Relationships among the Variables
Before proceeding to the central hypothesis in the study, we examined the data for consistency with widely reported bivariate relationships in the extant literature (see Table 2 ).
Smoking was positively related to NA, r(255)=.15, p<.05, but was not reliably associated with stress measured as frequency of stressor days (i.e., days on which at least one stressor is endorsed), r(255)=−.02, ns, or perceived stress, r(255)=.04, ns. NA was positively associated with stressors, and this was true regardless of whether daily stressors were calculated using frequency of stressor days, r(255)=.31, p<.0001, or perceived stress, r(255)=.16, p<.05. Consistent with prior findings, gender was reliably associated with the average number of cigarettes smoked, r(255)=−.26, p<.0001, indicating that women smoke significantly fewer cigarettes than men. These findings are generally consistent with prior research.
Stressors and Smoking as Predictors of NA
We next examined the degree to which stressors and smoking predicted NA (see Table 3 ). The first model (Model 1) examined the unique effects of daily stressor exposure and cigarette smoking on daily negative affect. Daily stressor exposure was associated with NA at the between and within person levels. Individuals with a higher frequency of stressor days reported higher NA (estimate= 3.38, SE=.59), and NA was significantly higher on stressor days compared to nonstressor days (estimate=1.79, SE=.21).
For smoking, the between-person effect was not significant indicating the NA of heavy smokers is not significantly different from the NA of people who are not heavy smokers (estimate=.02, SE=.01). However, the within-person effect of smoking on NA was significant, indicating that people reported higher levels of NA on days when they smoked more cigarettes than usual (estimate=.05, SE=.02). We then estimated a second model (Model 2), to examine whether the day-to-day association between smoking and NA differed between stressor and nonstressor days. This was accomplished by adding the interaction between the within-person daily stressors and smoking effects. The interaction was significant (estimate=.14, SE=.04; see Fig. 1 ) indicating that smoking more than usual was associated with higher NA on stressor days (estimate=.13, SE=.04) but not on nonstressor days (estimate=−.01, SE=.03). Altogether, 17.4% of the variability in daily negative affect was accounted for with this model. To consider the magnitude of the smoking effect, we calculated the amount of daily variability in NA that smoking accounted for on stressor days and nonstressor days, respectively. This was done following methods describe by Bryk and Raudenbush [112] for calculating the pseudo-R 2 . Across nonstressor days, the daily variation (residual variance) in NA decreased from 5.35 to 5.04 after controlling for smoking, indicating that smoking accounted for 5.7% of the daily variability. Across stressor days, the daily variation in NA was reduced from 14.92 to 12.81 after controlling for smoking, indicating that smoking accounted for 14.1% of the daily variability.
The initial models demonstrated that smoking more than usual was associated with higher levels of NA on stressor days. The next set of analyses explored possible variation in stressors days. The link between smoking and NA could be due to characteristics of the stressor day such as the number and severity of stressors experienced. If the link between smoking and NA on days when people report a stressor is due to the number of stressors being experienced or more severe stressors being experienced, then controlling for these factors should attenuate the effect of smoking on NA. We tested this hypothesis by estimating a model where we examined the effect of smoking on NA across stressor days, controlling for the number and severity of stressors reported following methods described by [113] .
The results of this model can be seen in Table 4 (Model 1). Across stressor days, the within-person effect for number of stressors indicates that NA increased 3.27 (SE=.39) units per stressor reported, while the between-person effect shows that individual's whose stressor days are characterized by a greater number of stressors report higher levels of NA (estimate=5.14, SE=.82). Similarly for the severity of stressors, the within-person effect indicates that NA was higher on days when the stressors experienced were reported to be more severe (estimate=1.08, SE =.16), and the between-person effect indicates that NA is highest among individuals who report their stressors to be of greater severity (estimate=2.13, SE=.32). Importantly, the within-person effect of smoking remained significant (estimate=.10, SE=.04) indicating that the link between smoking and NA across stressor days could not be explained by the number of severity of the stressors reported.
We also estimated a second model (Table 4 , Model 2) to test whether the number or severity of the stressors reported moderated the effects of smoking on NA. As can be seen in Table 4 , neither the interaction between smoking and number of stressors (estimate=−.09, SE=.09), nor between smoking and stressor severity (estimate=.03, SE=.04) was significant. Together, the results of these models suggest that the effect of smoking on NA across stressor days cannot be attributed to the number or severity of the events reported. Furthermore, the association between smoking and NA is not moderated by the number or severity of stressors reported.
Discussion
The relationship between smoking and NA is complex [23, 114] . The stress induction model posits that, in between cigarettes, smokers experience distressing withdrawal symptoms as the result of acute nicotine deprivation. These withdrawal symptoms are associated with NA. To relieve these feelings, smokers engage in smoking to replenish fallen nicotine levels. After smoking, nicotine levels are restored and smokers experience withdrawal reversal. This cycle is repeated numerous times throughout the day. Parrott suggests that, while smokers report that smoking improves their mood, the stress induction model suggests that smoking only serves to reverse the NA that is associated with acute nicotine deprivation.
Findings from our study lend tentative support to the stress induction model. First, NA was positively associated with cigarette consumption. Moreover, on days when participants smoked more than usual and experienced any daily stressor, their NA was higher. This finding was not accounted for by the severity or number of daily stressors experiences. This suggests that there may be a threshold effect for the role of daily stressors on the smoking-NA relationship. Experiencing any daily stressors, both in terms of frequency and perception, appears sufficient enough to alter the association between smoking and NA. Specifically, the association between smoking and NA is stronger on stressor days than on nonstressor days. The discovery that exogenous stressors (i.e., daily hassles in various life domains) intensify the relationship between smoking and NA is an important new finding in the literature. It suggests that smokers may experience a "double whammy" on stressful days. Specifically, it appears that the endogenous stress of acute nicotine deprivation is compounded by exposure to exogenous stressors to heighten NA states. In other words, the two sources of stress may compound each other and serve to make smokers feel emotionally worse off. Since smokers tend to believe that smoking ameliorates stress and NA [8-13, 15, 16] , they will likely seek relief in smoking more, thus perpetuating a cycle of distress [18, 19, 26] . As long as smokers believe that relief emanates from smoking, they will have little motivation to effectively deal with either the endogenous or exogenous sources of stress. Indeed, there is evidence that stress may shake smokers out of their "boundary of comfort" [35] , thus, strengthening the relationship between smoking and NA which in turn leads to increased smoking.
There is other evidence to suggest that smoking increases irritability and distress [17, 18] , while sustained abstinence decreases negative affective states [20, 115] . For example, studies with adolescents (a developmental stage when stress is high) have found that smoking is associated with depressive symptoms and greater levels of NA [116, 117] . Some research has suggested that smoking in adolescents does mitigate NA, but as smokers age, smoking exacerbates NA [118] . Our results lend support to this notion since we studied middle aged smokers. Compared with nonquitters, those who sustained abstinence reported less perceived stress, used more positive coping strategies, and engaged in fewer negative coping strategies [119] .
There are also several implications of our research for both individual behavior and public health approaches to smoking. To the extent to which smokers perceive that smoking attenuates NA, the more likely it is that they will use smoking as a coping mechanism [120] . Therefore, behavioral interventions designed to prevent or reduce smoking should assist smokers to find healthy alternative coping strategies to deal with stress and NA. To the extent to which the mitigating effects of smoking are "in the mind" of smokers, greater public health efforts will need to be made to widely dispel a potentially dangerous myth. Moreover, given that as cigarette smokers age, they become less likely to express readiness to quit [10, 121] ; better understanding of the smoking-stress-NA relationship needs to occur at all developmental stages [3] .
While the results of our study lend support to the stress induction model of cigarette smoking, a number of caveats are in order. First, the stress induction model itself has been called into question. For example, several researchers suggest that the model fails to explain results from studies which suggest that smoking does ameliorate distress and NA [22, 24] . Other criticism include that the stress induction model (a) ignores the problem of selective relapse, (b) does not account for effects of repeated measures, (c) assumes that smokers and nonsmokers are comparable in terms of stress and affect liability, and (d) has not been rigorously assessed for directionality [22, 23, 122] . Recently, however, Parrott has addressed a number of these criticisms [123] . It is also important to note that smoking occurs in the absence of withdrawal symptoms [27, 28] , and withdrawal symptoms are highly variable across individuals [124] . Therefore, the stress induction model may only generalize to those smokers most sensitive to withdrawal symptoms. On the other hand, there is evidence that acute withdrawal is an important factor in smoking behavior. First, withdrawal emerges relatively rapidly. This should not be surprising since the half-life of nicotine is about 10 min [125] . For example, experimental studies suggest that withdrawal can occur within 1-h post cessation [126] [127] [128] [129] . Second, the typical interval of smoking in the natural environment is under 40 min in heavy smokers [130] , a timeframe that is consistent with acute withdrawal.
There are also several methodological limitations in this study. First, we did not measure a number of key variables central to the model (i.e., nicotine, cotinine). Therefore, we assume that acute nicotine deprivation occurred. Second, our results are based on correlation analyses. Therefore, we cannot rule out the influence of unmeasured confounding variables nor are we able to make definitive conclusions about the directionality of the relationships among smoking, stress, and NA. In their exhaustive review of the literature [23] , Kassell et al. concluded that it was not clear whether NA precedes or follows smoking [3] . For example, Shiffman et al. examined the antecedents of smoking in naturalistic settings and found no support for the notion that smoking is under control of affective antecedents [114] . However, some studies have found temporal evidence that rapid increases in NA precede smoking when examined on a daily basis [80] . In this study, momentary rating from smokers enrolled in a cessation program found significant NA effects in the hours before smoking lapses. Our study relied solely on self-report. Moreover, respondents relied to a degree on retrospection, although within 1 day. Momentary ratings [114] might have led to differing results. More studies using momentary ratings of smoking, stress, and NA are needed to help determine the direction of these relationships. Our study also relied heavily on participant compliance. However, by contacting participants via phone each night at a pre-agreed to time, participation rates were excellent. Future studies should attempt to operationalize key constructs using both subjective and objective measurement.
Despite its limitations, the study possessed a number of strengths. The sample was representative of the middleaged Americans as well as representative of adult smokers in the United States in terms of cigarettes smoked per day. The use of multilevel modeling allowed us to examine both within and between differences in the relationship between stress, smoking, and NA. The assessment of daily stressors using the DISE provides for much more fine-grained assessment of these experiences than checklists which are commonly used. This was also the first study examining stress, NA, and smoking over time. Given the unique strengths of the NSDE data, the results of this study should be instructive to theorists, researchers, and healthcare professionals.
